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(ddp) 3 : $\mathrm{Y}=(\Sigma, S, f)$ , ,
$\Sigma$ : ( );
$\Sigma^{*}$ :
$\Sigma^{*}\supset S$ : ;




, : $\Pi=$ $(M, h, \xi_{0})$ , ,
$M=$ $(Q, \Sigma, q_{0}, \lambda, Q_{F})$ :
$h:R^{1}\cross Q\mathrm{x}\Sigmaarrow R^{1}$ ,
$R^{1}\ni\xi_{0}$ : $q0$
, $M=$ $(Q, \Sigma, q_{0}, \lambda, Q_{F})$
$Q$ : ; $Q\ni q_{0}$ :
$\lambda$ : $Q\cross\Sigmaarrow Q$ : ; $Q\supset Q_{F}$ :
$\lambda$ $Q\mathrm{x}\Sigma^{*}$ :
$\lambda$(q, $\epsilon$) $=q$ , $\lambda$(q, $xa$) $=\lambda$ ( $\lambda$(q, $x$), $a$) $\forall q\in Q,$ $\forall x\in\Sigma$”, $\forall a\in\Sigma$ .
$h$ $R^{1}\cross Q\mathrm{x}\Sigma^{*}$ :
$h(\xi, q, \epsilon)=\xi$ , $h(\xi, q, xa)=h$( $h(\xi,$ $q,$ $x),$ $\lambda$ (q, $x),$ $a$ ) $\forall\xi\in R^{1},\forall q\in Q,\forall x\in\Sigma^{*}$ , $\forall a\in\Sigma$ .
, $\overline{\lambda}(x)=\lambda(q_{0}, x)$ , $\overline{h}(x)=h$ (a, $q_{0},$ $x$ ) $M$
, $M$ $x$ , $M$ $\{x|\overline{\lambda}(x)\in Q_{F}\}$
$F$ (M) , $\mathrm{s}\mathrm{d}\mathrm{p}\Pi$ $F$ (II) , $\mathrm{M}$
(F( ) $=F($M))
$h$ :
$Q\mathrm{x}\Sigma=X^{+}\cup X^{-},$ $X^{+}\cap X^{-}=\emptyset$ ,
$(q, a)\in X^{+},$ $\xi_{1}$ , $\xi_{2}\in R^{1},$ $\xi_{1}<\xi 2\Rightarrow\}$ $h(\xi_{1}, q, a)<h(\xi_{2}, q, a)$ ,
$(q,a)\in X^{-},$ $\xi$b $\xi_{2}\in R^{1},$ $\xi 1<\xi 2\Rightarrow$} $h(\xi_{1}, q, a)>h(\xi_{2}, q, a)$
, (sbsdp) $X^{-}=\emptyset$
, (smsdp) (smsdp) , Karp
and Held [3], Ibaraki [1] ,
, (sbsdp)
, sbsdp (assdp)
1 $h(\xi, q,a)=\xi\circ\psi(q, a)$ (sdp)
(associative sequential decision process) (assdp) , $\circ$
2 :
248
(i) $(A, \circ)$ : $\circ:A\cross Aarrow A$ , ( ) $(a\circ b)\mathrm{o}c=a\circ(b\circ c)$ ;
(ii) $\exists e(\circ)\in A$ : $a\circ e(\circ)=e$ (o) $\circ a=a\forall a\in A$ ;
(iii) $a\in A$ $\exists a^{-1}$ : $a\circ a^{-1}=a^{-1}\circ a=e$ (o);
(iv) ( $|\rfloor$ ) $a\circ b=b\circ a$ $\forall a,$ $b\in A$ ;
(v) : $A=A^{+}\cup A^{-},$ $A^{+}\cap A^{-}=\emptyset$
$a\in A^{+},$ a1, $a_{2}\in A$ , $a_{1}<a_{2}\Rightarrow a\circ a_{1}<a\circ$ a2,
$a\in A^{-},$ $a_{1}$ , a2 $\in A$ , $a_{1}<a_{2}\Rightarrow a\mathrm{o}a_{1}>a\circ a_{2}$ .
1 I (ap): $0=+,$ $A$ =R1, $e(\circ)=0,$ $a^{-1}=-a(a\in R^{1}),$ $A^{+}=R^{1},$ $A^{-}=\emptyset$ .
2 (mp): $0=\mathrm{x},$ $A=R^{1}\backslash \{0\},$ $e(\circ)=1,$ $a^{-1}=1/a(a\neq 0)$ ,
$A^{+}=\{a|a>0\},$ $A^{-}=\{a|a<0\}$ .
3 Q (map): $a\mathrm{o}b=a+b$-ab, $A=R^{1}\backslash \{1\},$ $e(0)=0,$ $a^{-1}= \frac{a}{(a-1)}(a\neq 1)$ ,
$A^{+}=\{a|a<1\},$ $A^{-}=\{a|a>1\}$ .
4 (fp): $a \circ b=\frac{a+b}{1+ab},$ $A=(-1,1)$ , $e(0)=0,$ $a^{-1}=-a(a\in(-1,1))$ ,
$A^{+}=(-1,1),$ $A^{-}=\emptyset$ .
$\mathrm{d}\mathrm{d}\mathrm{p}\mathrm{Y}$ $\mathrm{s}\mathrm{d}\mathrm{p}$
$\mathrm{O}(1)=\{x\in S|f(x)\leq f(y)\forall y\in S\}$






3 ddp sbsdp, assdp
, $\Sigma^{*}$ $U$ ,
$M$ $U=F$(M) ,
, sbsdp assdp $\mathrm{p}$ :
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1 (sbsdp )
$\mathrm{d}\mathrm{d}\mathrm{p}\prime \mathrm{r}=$ $(\Sigma, S, f)$ (sbsdp)
, $U=\mathrm{O}(’\mathrm{r})$
1 1 , (sbsdp) p
$\prime \mathrm{r}=$ $(\Sigma, S, f)$ , $\mathrm{O}(\Pi)=\mathrm{O}(’\mathrm{r})=F$ (M’) $M’$
, $M$’
, sbsdp $\Pi=$ ( $M$ (Q, $\Sigma,$ $q_{0},$ $\lambda,$ $Q_{F}$ ), $h,$ $\xi_{0}$ ) # $=(M\#, h\#, \xi_{0}^{\#})$
:
$M\#=$ $(Q\#, \Sigma, q_{0}^{\#}, \lambda\#, Q_{F}^{\#})$ :
$Q^{\#}=Q\cross\{-1, +1\}$ ; $q_{0}^{\#}=(q_{0}, +1)\in Q^{\#};\lambda$#(q#, $a$ ) $=(\lambda(q, a),$ $z(q, a,v))$ ,
$q=\#(q, v)\in Q^{\#}$ , $z$ (q, $a,$ $v$ ) $=\{$
1if(q, $a$) $\in X^{+},$ $v$ =1
-1 if(q, $a$ ) $\in X^{+},$ $v=-1$
-1 if(q, $a$) $\in X^{-},$ $v$ =1;
1if(q, $a$) $\in X^{-},$ $v=-1$
$Q_{F}^{\#}=Q_{F}\mathrm{x}\{-1, +1\}$ ; $\xi r=\xi$0;
$h^{\#}(\xi^{\#}, q^{\#}, a)=\{$
$h(\xi\#, q, a)$ if $(q, a)\in X^{+},$ $v=1$
-h$(-\xi\#, q, a)$ if $(q, a)\in X^{+},$ $v=-1$
-h$(\xi\#, q, a)$ if $(q, a)\in X^{-},$ $v=1$
$h(-\xi\#, q, a)$ if $(q, a)\in X^{-},$ $v=-1$
$G^{*}=\overline{h}$(x), $x\in O$ (\Pi ),
$G^{\#}(q^{\#})$ $= \min\{\overline{h}\#(x)|\overline{\lambda}^{\#}(x)=q^{\#}\},$ $F’(q^{\#})= \max\{\overline{h}^{\#}(x)|\overline{\lambda}^{\#}(x)= q^{\#}\}$ ,
$Q_{G\#}^{\#}=\{q\sim Q^{\#}|\exists G"(’)\}$ , $QZ\text{ }=\{q^{\#}\in Q^{\#}|\exists F^{\#}(q^{\#})\}$ ,
$G_{+}^{*}= \min\{G^{\#}(q^{\#})|q^{\#}\in Q_{F}\mathrm{x}\{+1\}\},$ $F_{-}^{*}= \max\{F^{\#}(q^{\#})|q^{\#}\in Q_{F}\cross\{-1\}\}$




$\lambda^{\neq}(qa\#,)$ , if $q^{\#_{r}\#},\in Q_{G\#}^{\#},$ $\lambda$ #(q#, $a$ ) $=r\#.$,
$h\#(G\#(q)\#, qa)\#,=G\#(r)\#$ ,
$q_{d}$ , otherwise,
(case $\mathrm{I}\mathrm{I}:G^{*}=-F_{-}^{*}\neq G+*$ )
$Q’=Q_{F\#}^{\#}\cup\{q_{d}\},$ $Q_{F}’=\{q\sim Q^{\#}|-F^{\#}(q^{\#})=G^{*}\}$
$\lambda’(q^{\#}, a)=\{$





$\mathrm{d}\mathrm{d}\mathrm{p}\Gamma’=$ $(\Sigma, S, f)$ (assdp)
, $U=\mathrm{O}(1)$
1 $\mathrm{d}\mathrm{d}\mathrm{p}\prime \mathrm{r}=$ $(\Sigma, S, f),$ $\Sigma=$




assdp $\Pi=$ ( $M$ (Q, $\Sigma,$ $q_{0},$ $\lambda,$ $Q_{F}$ ), $h,$ $\xi_{0}$ ) ( 2 )
$\wedge \mathrm{r}$ ( , $\mathrm{o}(’\mathrm{r})=\mathrm{O}(\Pi)=\{x=1345$ , 12345} )
, $Q=\{q0, q_{1}, q_{2}, q_{3}, q_{4}, q_{5}\}$ , $\Sigma=$ {1,2, 3, 4, 5}, $q_{0}$ : , $\xi_{0}=1,$ $Q_{F}=$ {q6}, $\lambda(q,j)=$
$q_{j},$
$h(\xi, q_{i}, j)=\xi \mathrm{x}c_{ij}$ 1 $U=O(\mathrm{T})=O(\mathrm{I}\mathrm{I})=F(M’)$
$M$’
2: 1
1 , $\#=$ $(M\#, h\#, \xi_{0}^{\#})$ 3
$h\#$ :
$h^{\#}(\xi^{\#}, q_{\dot{*}}^{\#},j)=\{$
$\zeta^{\#}\mathrm{x}c_{ij}$ , if $c_{\dot{l}j}>0$
$\xi\#\mathrm{x}(-c_{1j}.)$ , if $j<0$
$Q_{F}^{\#}=$ {(q5, $+1$ ), $(q_{5},$ $-1)$ }, $\xi_{0}^{\#}=1$
$\#$ , 1 , $M’$ 4
$Q_{F}’=\{(q_{5}, -1)\}$ $M’$





$\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}=$ { $O(\Pi)|$ II : sbsdp}, $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}=$ { $O(\Pi)|\Pi$ : assdp}
, $\mathrm{d}\mathrm{d}\mathrm{p}1$ sbsdp II ,
$U(=O(’\mathrm{r}))\in\Omega_{\mathrm{S}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}$, \Omega s
2 1, 2 , $\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}$ , \Omega sdp
;
3(\Omega sbsdp’ $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ )
$U,$ $V\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}$ , \Omega sdp , :
(1) $U\cap V$, $U\cup V,$ $U=\Sigma^{*}-U\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}$, $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ ;
(2) $UV=\{xy|x\in U, y\in V\}\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}},$ $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ ;
(3) $U^{R}=\{x^{R}|x\in U\}\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}},$ $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ ,
$x^{R}=a_{k}a_{k-1}\cdots a_{1}$ for $x=a_{1}\cdots a_{k-1}a_{k}$ ;
(4) $g(U)$ (: homomorphism of $U$ ) $\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}},$ $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ ;
(5) $U/V=\{x|\exists y\in V\mathrm{s}.\mathrm{t}. xy\in U\}\in\Omega_{\mathrm{s}\mathrm{b}\mathrm{s}\mathrm{d}\mathrm{p}}$ , $\Omega_{\mathrm{a}s\mathrm{s}\mathrm{d}\mathrm{p}}$ ;
(6) $\min U\in\Omega_{\mathrm{S}}$bsdp’ $\Omega_{\mathrm{a}\mathrm{s}\mathrm{s}\mathrm{d}\mathrm{p}}$ ,
roin $U=\{x\in U|x=yz, z) \epsilon\Rightarrow y\neq U\}$.
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